: Electron microscopy (FE-SEM) cross-section images prepared by screen-printing (top) and spin-coating (bottom). The bottom (light) layers are FTO, thin dark layers on top of FTO are TiO 2 compact layers, gray layers in the middle are mesoporous TiO 2 films and a lighter layer on top of TiO 2 films is access of spiro-MeOTAD.
S2
Absorption spectrum (in the Q-band region) of the Pc at low concentration in ethanol is presented in Figure S2 . It was found that a better solvent for self-assembled monolayer (SAM) deposition on TiO 2 is t-BuOH:MeCN = 1:1 mixture (vol:vol), which was used in this study. Absorption spectra of the Pc and mixed Pc:CDCA samples in this mixture at concentrations used for SAM deposition (roughly 50 µM) are shown in Figure S3 . It can be noted that the Pc is somewhat aggregated, and addition of CDCA reduces the aggregation significantly already in solution.
For the solid samples, the steady state absorption spectra were recorded sequentially for substrates with TiO 2 nanoparticle films before SAM deposition, after deposition of thePc or Pc:co-adsorbate SAM, and then after deposition (spin coating) or the hole-transporting material. The spectra of TiO 2 substrates were subtracted form the latter two. Figure S4 presents the spectra of the sample with Pc:CDCA = 1:10.
The Q-band region of the absorption spectra consists roughly of two broad bands, and was fitted to two Gaussian band shape: Figure S4 : Absorption spectra for the Pc:CDCA = 1:10 sample before (blue) and after (red) the deposition of the spiro-MeOTAD hole-transporting material. Absorption of the TiO 2 substrate was subtracted from the spectra. Dotted lines are the bi-Gaussian fits of the Q-band area.
where λ 1 and λ 2 are the band positions, λ 1 and λ 1 are the band widths, and a 1 and a 2 are the band intensities, respectively.
S4
The fit results for the absorption spectra are summarized in Table S1 . Table S1 : Results of the decomposition of the spectra in the Q-band region on two Gaussian bands. a 1 , λ 1 , λ 1 , a 2 , λ 2 and λ 2 are the fit parameters in eq. 1, a 1 /a 2 is the ratio of the band intensities taken as the measure of aggregation, f 1 /f 2 is the ratio of the oscillator strengths calculated as the ratio of areas under the bands, and A rel is the relative absorbance of the . Assuming that the area occupied by single molecule, Pc, CDCA or OA, on the surface of TiO 2 is the same independent of was it deposited along or as a mixture, the area per Pc in mixed layers can be calculated as
where S P c and S ads are the mean molecular areas occupied by Pc and co-adsorbate (CDCA or OA) single molecule on TiO 2 , and c r is the relative molecular concentration of the coadsorbate on TiO 2 surface, or the ratio of number of co-adsorbate to Pc molecules. The sample absorption in the red part of the spectrum depends solely on the density of Pc molecules. The ratio of the mean molecular area per Pc in mixed film to that in pure Pc film is
The relative absorption of mixed sample is inversely proportional to r, or
which gives
Since absorption spectra of samples with different concentrations of co-adsorbate are different, direct comparison of the absorption intensity is meaningless. Instead, the areas under Q-bands were calculated as A = a 1 λ 1 + a 2 λ 2 (see eq. (1)), and used to calculate S6 relative absorbances of the mixed samples, as presented in Table S1 in the last column (A rel ). The dependence of 1/A rel on relative concentration of co-adsorbates in solutions used for sample sensitization, c sol , is presented in Fig. S6 . An average of 8 co-adsorbate free samples was used as a reference, A P c , but all 8 data points are shown at c sol = 0. 
Effect of co-adsorbate on the electron injection yield
The question of practical importance is the yield of the electron injection into TiO 2 . It can be approached by comparing the spectra of the singlet excited state (as the measure of the number of absorbed photons) to that of the Pc cation (as the measure of the number of injected electrons, at least in the case of non-aggregated samples, as discussed above).
Unfortunately, there are no wavelengths at which only Pc* or Pc + would have an absorption band. As a reasonable compromise one can use absorption in the range 580-600 nm shortly after excitation (0.01-0.02 ps delay) as the measure of Pc*. For measuring Pc + , the band at 860 nm at sufficiently long delay time can be used, though keeping in mind that intraaggregate Pc + are also contributing to the absorption at this wavelength, and thus this will give an overestimation for aggregated samples. For the Pc:CDCA = 1:50 sample, 2 ps seems to be a reasonable choice to estimate the "primary" electron injection efficiency as at Knowing excitation power density, P 650 , short circuit current, I sc , average absorptances, a av , and the wavelength band width, λ, one can estimate the quantum yield of photon to electron conversion, φ, assuming the band width λ is reasonably narrow. The relation between the photon and electron fluxes is
where hν = hc λ is the photon energy, and e is the electron charge. Thus the quantum yield is φ = I sc hc eaP 650 λ λ It is interesting to notice some correlation between I sc and a aver for the samples with the same composition (e.g. without co-adsorbate) in Fig. S15b . One can also notice that the highest photocurrent is generated by samples with average absorptance in the range 0.2-0.4, which looks as optimum for 2 µm thick samples. This absorptance is typical for 1:10-20 Pc:CDCA samples, and estimated absorbed photon to electron conversion efficiency for this samples is around 40%. This efficiency can be increased by increasing concentration of CDCA, but this also result in fast decrease of the decrease of the sample absorptance and overall decrease of the photocurrent.
